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Abstract 
In this paper, a linear active disturbance rejection controller is proposed for a solar heating system assisted by 
ground-source heat pump, whose model is obtained by applying the system identification technique. The disturbances 
imposed on the heating system are estimated through an extended linear state observer and then compensated by a 
linear feedback control strategy. The proposed control strategy is applied to a 300 kW heating system to handle the 
thermal load variations of grid and process disturbances. The effectiveness of this controller is verified via a simulation 
study, and the results demonstrate that the proposed strategy can provide good tracking performance and disturbance 
rejection. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction  
Owing to its practicability and efficiency, the solar heating system assisted by ground-source heat pump (SHSGHP) 
has been widely applied for space heating in the last few years. SHSGHP is characterized by multivariable coupling, 
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severe nonlinearities and uncertainties. It is therefore imperative to develop advanced control strategies to cope with 
these problems and improve system performance. 
With the nonlinear structure and a large number of tuning parameters, the active disturbance rejection control 
(ADRC) strategy developed by Han [1] can respond swiftly to the changes either in the internal dynamics or external 
disturbances. ADRC has been successfully applied in some industrial processes, for example, tension control [2], 
engine control [3] and unit coordinated control [4]. Gao [5] proposed the linear active disturbance rejection control 
(LADRC) as a simplified implementation of ADRC, in which bandwidth is the only adjustable parameter of the control 
performance that is easy for tuning and control system maintenance. In this paper, a control system is proposed for a 
300 kW SHSGHP by integrating ADRC and static decoupling strategy. 
 
Nomenclature 
Q Thermal load [kW]                   k                  Controller gain value 
T     Outlet temperature of evaporator [rC]  λ                  Characteristic polynomial 
w  Motor speed for pump [r/min]                 A,B,C,D  System matrices 
μT  Throttle valve position [%]                  I                Identity matrix 
y  Controlled vector  
u  Manipulated vector   
b  Input gain                    Subscripts 
L  Observer gain vector                   r                Set-point 
ω  Controller bandwidth                  c                Controller 
α  Polynomial coefficients                   o                Observer 
t  Time [s]                                  e                Exhaust gas 
- , φ  State variable coefficient matrix                  i                The ith loop 
x  State variable/vector 
w  External disturbance 
 
2. Methods  
2.1. System description  
The SHSGHP is mainly consists of three subsystems, which are solar heat collection subsystem, ground heat 
exchanger (GHE) subsystem and heat pump subsystem. The novel heating system designed for the office building is 
shown in Fig. 1, in which GHE and solar collectors are installed in series. When working, fluid first flows through 
GHE, and then enters solar collectors, solar collectors can reheat the working fluid heated by GHE.  
 
 
Fig. 1. Schematic of solar heating system assisted by ground-source heat pump. 
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The controlled vector in the proposed control system for the SHSGHP is selected as y = [Q T], which should be 
kept within desired operating ranges. Here Q is the thermal load and T is the supply water temperature. The 
manipulated vector is u = [­T w], where ­T is the throttle valve position, which can change from 0 to 100%. w is 
the motor speed for pump.    
2.2. LADRC algorithm 
To facilitate controller design, the SHSGHP can be adequately represented by a transfer function model. In this 
paper, we used a series of component models to produce the pseudo-experimental data of each component for 
parameter estimation study. Based on these input-output data, the physical model can be reformulated: 
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We denote: 
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as the generalized disturbances in the ith loop, where b0,i is the approximate value of bi. Equation (1) can then be 
rewritten as: 
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1) Extended state observer design 
Consider the WKL  loop in (2): 
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Introduce LI  as an extended state, and denote: 
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Assuming that LI  is differentiable and LL IK   is bounded, the state equation of (3) can be rewritten as: 
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Based on the state space model (4), LI  can be estimated by the following linear extended state observer (LESO): 
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where > @Tininiii iiL ,1,,2,1  EEEE   is the observer gain vector, which determines the accuracy of 
the estimated state. The characteristic polynomial of the LESO can be represented as a function of LZ  , that is [6]: 
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It is clear that LZ  is the only observer tuning parameter of the WKL  loop. 
2) Control algorithm 
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Once the observer is designed and well-tuned, the output of the observer, LI

, should closely track the states of the 
augmented plant, LI  The control law of the WKL  loop is given by  [7]: 
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 |  . The feedback control law can be formulated as: 
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where UL\  is the desired trajectory of the WKL   loop. Then the closed-loop characteristic polynomial is: 
ii
i
i n
ii
n
in
n
ic skskss )()( ,0,1
1
,, ZO                                                                                        (11) 
where,  
 
 
MQ
LF
L
L
LM
L
MQM
QN Z , LQM    is the controller gain, LFZ  is the controller 
bandwidth of the state feedback system to be optimized. 
 3) LADRC of a SHSGHP 
Fig. 2 illustrates the SHSGHP with LADRC, in which X and X  are the corresponding outputs of linear active 
disturbance rejection controllers.  and    represent the set-points of power output, evaporating pressure and 
evaporator outlet temperature, respectively. Since there is coupling between control loops in the solar heating systems, 
it is necessary to perform static decoupling before applying LADRC law into the SHSGHP. 
 
LADRC1
LADRC2
Decoupling
compensator SHSGHP
ry1
ry2
u1
u2
Q
T
TP
w
 
Fig. 2. LADRC for the SHSGHP. 
3.  Results and Discussion 
The following tests were conducted based on a previously developed model to investigate the performance of the 
proposed LADRC controller for a 300 kW solar heating system assisted by ground-source heat pump. The parameters 
of the initial operating conditions are the following: Q=300kW, T=55rC, ­T=0.88, w=2850 r/min. The parameters of 
the two linear active disturbance rejection controllers are set through experience. 
In order to test the tracking performance for the heat output under the nominal working conditions, the set-point of 
heat output (load demand) was first decreased from 300 kW to 289 kW at t=300s, then increased to 295 kW at t=1500s. 
The responses of output variables and the variations of control variables are shown in Fig. 3 and Fig. 4 respectively. 
Through the experimental results, the proposed LDARC has shown to be able to provide satisfactory load demand 
swiftly and accurately track the desired output for the SHSGHP in response to the load demand variations. The 
ry1 ry2
814   Zhigang Wang et al. /  Procedia Engineering  121 ( 2015 )  809 – 815 
maximum deviation of the thermal loaf output is less than 2 kW in Fig. 3. It also shows the response of supply water 
temperature when the load demand varies, their maximum deviations from the set-points are less than 3 rC, and the 
proposed controllers drive them back to their set-points within a short period of time. It can also be seen from the 
simulation results that the variation of the controlled signals is very small during the testing process. 
 
 
Fig. 3. Responses of controlled variables. 
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Fig. 4. Responses of manipulated variables. 
4. Conclusions 
In this paper, a novel LADRC scheme is successfully applied to the design of decentralized controllers for the solar 
heating system assisted by ground-source heat pump. Simulation results demonstrate that the proposed control 
algorithm can provide good tracking performance and well handle disturbances for the coupled heating system. 
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